Invasive disease caused by non-type b Haemophilus influenzae serotypes has been increasingly reported. Although to date it has been a rarely described cause of septic arthritis, we present 10 cases of non-type b H influenzae septic arthritis in children seen in a tertiary care center that serves a large Native American population.
INTRODUCTION
Haemophilus influenzae serotype b (Hib) was a major cause of invasive disease, including bone and joint infections, in children before the initiation of routine vaccination [1] . However, over the past 20 years, the overall incidence of invasive disease attributed to Hib has decreased significantly as a result of immunization [1, 2] . More recently, the emergence of invasive diseases caused by non-type b H influenzae (NTBHI), such as types a, f and nontypeable strains, has been increasingly recognized [3, 4] . Recent studies also found significantly higher NTBHI infection rates in Native American populations than in other populations, as was previously described for Hib [4, 5] .
NTBHI has been identified as a rare cause of bone and joint infections in children [6] . A recent retrospective report of invasive disease attributable to NTBHI in adults and children living in the Canadian Arctic and Alaska described 10 cases of septic arthritis without specific demographic or clinical data [7] . Indeed, detailed descriptions of septic arthritis attributable to NTBHI in children are rarely reported in the literature. We reviewed cases of septic arthritis that occurred over an 11-year period at our institution in an effort to further characterize the role of NTBHI as a causative agent of septic arthritis in children outside the neonatal age range in the Hib vaccine era and to compare the clinical course of these infections with that of other causes of septic arthritis seen at our institution over the same time period. A historical comparison of septic arthritis with Hib was also conducted, as was a systematic review of the literature to determine the frequency with which septic arthritis with NTHBI has been described.
METHODS
The University of New Mexico Health Sciences Center provides care to more than 60 000 children per year, including approximately 5000 inpatient admissions annually. Of these admitted patients, 15 20-730.29) . Subjects were required to have imaging or operative findings consistent with septic arthritis (eg, ultrasound, magnetic resonance imaging) for the confirmation of disease, in addition to a clinically compatible presentation and exclusion of other alternative etiologies after review of the medical record by an attending pediatric infectious disease physician. Subjects with septic arthritis and associated chronic osteomyelitis, an open fracture, orthopedic implant-associated infection, or infection that occurred in the same region as an orthopedic surgery (regardless of the interval between the surgery and the infection) were excluded. Subjects younger than 1 month were excluded from analysis, given the differing epidemiology of disease and approach to treatment in this age group, which may have biased the applicability of our findings to older subjects. However, to ensure that no cases of NTBHI septic arthritis were missed in this population, all neonatal bone and joint infections reported over the study period were assessed for NTBHI involvement. After verification of disease status, study data were collected and managed using REDCap electronic data-capture tools hosted at the University of New Mexico [8] . The following data were collected for all cases of pyogenic arthritis: demographic information (age, sex, and ethnic and racial background), time to presentation, involved joint(s), presence of associated osteomyelitis, results and timing of imaging in relation to admission, microbiology results (blood, bone, synovial fluid, and abscess cultures), details of antimicrobial therapy (route and duration of therapy and development of neutropenia), admission and maximum inflammatory marker levels (C-reactive protein, white blood cell count, and erythrocyte sedimentation rate), duration of fever, amputation, and any disease relapse or readmission(s). Two of us (W.D. and J.J.J.) cross-checked data entry. Polymerase chain reaction testing for Kingella kingae was not used on any specimens, and synovial fluid was not routinely inoculated into blood culture bottles. All H influenzae isolates were grown on standard chocolate agar plates. Serotyping was performed by the New Mexico Department of Health using the RapID NH System (Thermo Scientific) [9] and confirmed by the Centers for Disease Control and Prevention using slide agglutination testing. Data were subsequently transferred onto a Stata database (version 10.0 for Mac) for further analysis. The New Mexico Department of Health (which serotypes all invasive isolates of NTBHI in the state) also supplied data on the invasive cases of NTBHI infection seen at our institution in children younger than 18 years between January 1, 2004, and December 31, 2014, excluding osteoarticular infections.
Given the large variance and presence of several outliers in the data set, median values (with interquartile ranges) were determined for all continuous variables, and statistical significance was assessed with the Wilcoxon rank-sum test. Categorical variables were expressed as percentages, and statistical significance was assessed with a χ 2 test. This project was approved by the Human Researches Protections Office at the University of New Mexico.
We also conducted a systematic literature review to provide a broader context. Cases were required to document a patient age of less than 18 years, microbiologic confirmation of an NTBHI infection, and a description of the joint involved. ). This search strategy produced 146 references. We included only references filtered for children <18 years old, written in English, and published between January 1, 1990, and March 16, 2016. The senior author (W.D.) located 4 relevant reports. We also learned of another publication with 1 case in a journal not indexed in MedLine/PubMed [6] . This case was also included, giving us a total of 5 references. We searched the references listed in all of the selected references for further cases, which produced 3 additional reports. One of us (W.D.) searched every one of the final references in the Web of Knowledge database (total of 684 references dating back to 1972) to identify any articles published sequentially that had cited these references. This exhaustive search produced 3 additional references. To our knowledge, no other articles in which case studies on H influenzae were analyzed have included such an extensive search using Web of Science.
RESULTS
In this study, 445 subjects were identified, 121 of whom met our inclusion criteria ( Figure 1 ). In 80 cases, an organism was isolated with a blood, bone, or synovial fluid culture (66.1% isolation rate). Staphylococcus aureus was the most common cause of septic arthritis in our series, with 29 (24.0%) cases attributable to methicillin-susceptible S aureus and 14 (11.6%) cases attributable to methicillin-resistant S aureus. Fifteen (12.4%) cases were attributable to Streptococcus pyogenes, 10 (8.3%) cases were attributable to NTBHI, 4 (3.3%) cases were secondary to Streptococcus pneumoniae, 3 cases were attributable to K kingae, and 2 cases were attributable to Streptococcus agalactiae, and there was 1 case each of Haemophilus parainfluenzae, Salmonella serotype Montevideo, and Clostridium perfringens. NTBHI as a group was the third most common pathogen in our population over this time period. Eight cases were attributable to H influenzae serotype a (Hia), 1 to H influenzae serotype f, and 1 to a nontypeable strain (Table 1 ). All isolates were beta-lactamase negative and ampicillin susceptible, and the patients were treated successfully with a sequential regimen of parenteral followed by oral antimicrobial therapy (typically ceftriaxone followed by amoxicillin). Only 1 case attributable to Hib was noted.
The 10 patients with NTBHI septic arthritis consisted of 5 boys and 5 girls (Table 1) . Five patients were Native American, 4 were Latino, and 1 child had an unknown ethnic background. This group contained a higher percentage of Native Americans (50.0%) than the 111 subjects without NTBHI infection (24.0% Native American, P = .054). The patients with NTBHI septic arthritis were also younger, with an age distribution of 0.8 to 6.3 years (median, 1.6 years), compared with an age distribution of 0.1 to 17.0 years (median, 4.0 years) for patients infected with other pathogens (P < .01) ( Tables 1 and 2 ). Over the 11.8 years of the study, we saw approximately 1 case per year of NTBHI septic arthritis at our institution (0.9 cases/year). No cases of meningitis were reported in the NTBHI group.
The ankle was affected in 7 patients with NTBHI septic arthritis, with hip involvement noted in 2 patients and knee involvement in 1 patient. The most common joint involved in the 111 subjects without NTBHI arthritis was the hip (34 [30.6%] whereas 3 cases of polyarticular arthritis were reported in the non-NTBHI group. Significantly more ankle involvement was reported in subjects with NTBHI than those without it (70.0% vs 21.6%, respectively; P = .001). Four patients with NTBHI septic arthritis presented with concurrent acute osteomyelitis. It was notable that 35 cases of invasive NTBHI infection in children were seen at our institution between 2004 and 2014, excluding osteoarticular infections. Organisms were isolated from cerebrospinal fluid (9 cases), blood alone (24 cases), and pleural fluid culture (2 cases). Fourteen isolates were nontypeable H influenzae, whereas 18 were type a, 2 were type f, and 1 was type e. Subjects with NTBHI septic arthritis experienced clinical courses similar to those of children infected with other organisms, except for a shorter duration of therapy seen in subjects with NTBHI arthritis (Table 2) . When compared with children with septic arthritis specifically attributable to S aureus, patients infected with NTBHI experienced shorter hospital stays and required a shorter duration of therapy ( Table 2) . None of the patients with NTBHI experienced a disease relapse or required readmission. Four patients with NTBHI septic arthritis required 2 arthrotomies, and the remainder of them required 1 arthrotomy. One patient developed abscesses of the psoas musculature complicated by cutaneous fistula formation that required interventional radiology-guided drainage and a 47-day hospital stay for prolonged antimicrobial therapy and associated social issues. This patient also developed antimicrobial-induced neutropenia that required therapy with granulocyte colony-stimulating factor. No long-term sequelae developed in any subject with NTBHI septic arthritis.
Although neonates were excluded from this analysis, as previously discussed, none of the 11 cases of neonatal joint infection we documented in our retrospective review were attributable to infection with NTBHI. Table 3 summarizes the findings from our systematic literature review. The search produced 11 cases published over a 33-year period [5, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Similar to our cohort, the subjects were young (median age, 2.5 years) with a predominance of H influenzae serotype a. Only 2 subjects were known to be immunocompromised, a 4-year-old girl with immunoglobulin G1 subclass deficiency and a 12-year-old boy with Hodgkin's lymphoma; 3 reports did not provide sufficient details to assess immunocompetence. Only 3 children were reported to have concurrent osteomyelitis, although 4 reports did not comment on this feature. Three of the 8 subjects with a known ethnic background were of Native Alaskan, Australian Aboriginal, or Canadian Aboriginal descent. One case of concurrent meningitis was described in a 2.5-year-old African-American boy with a septic hip.
DISCUSSION
Historically, Hib was a major cause of invasive infections, including meningitis, pneumonia, and sepsis in children [20, 21] . Hib was also a leading cause of septic arthritis in the preHib vaccine era, with up to 30% to 40% of all cases attributable to the organism [20, 21] . In many series, Hib was isolated more commonly than S aureus in children younger than 2 years, which had important ramifications for empiric antimicrobial therapy in this age group [20, 21] . It is fortunate that the introduction of routine vaccination for Hib has markedly reduced its role as a causative agent of bone and joint infections [1, 2] . However, recent reports have described invasive disease secondary to non-type b isolates [22, 23] . Eight (80%) infections in our study population were secondary to Hia, a serotype that has been frequently associated with invasive disease in patients of native/Aboriginal heritage in both the United States and Canada [7, 24] . It is striking that McConnel et al [25] reported an incidence of invasive disease attributable to Hia of 418.8/100 000 Inuit children in Canada, compared with a maximum calculated rate of 2.3/1 million children of non-Aboriginal descent. Bruce et al [7] reported that invasive disease attributable to Hia was nearly 10 times more common than invasive disease attributable to H influenzae serotype f in a population in which 92% of all invasive NTBHI infections occurred in indigenous subjects. Among patients with invasive NTBHI infections in our population without osteoarticular infections, Hia was also the most common serotype isolated (51.4% of 35 cases), although a higher percentage of nontypeable H influenzae was seen in this group than in our subjects with septic arthritis (40.0% vs 10.0%, respectively). Our systematic review of the literature produced 11 cases of non-type b septic arthritis in children, 5 of which were associated with Hia.
Only 22.2% of the subjects with blood cultures in our cohort resulted in the growth of NTBHI. However, among 84 subjects with invasive NTBHI infection described by Bruce et al [7] , only 19.1% presented with documented bacteremia. In addition, septic arthritis may frequently present with sterile blood cultures. Moumile et al [26] described 143 children with septic arthritis, only 9 (6.3%) of whom presented with growth on blood cultures, whereas Russell et al [27] described 39 children with septic arthritis, only 13 (33.3%) of whom demonstrated growth on blood culture.
The pathogen distribution in our patient population differs slightly from those described in other reports. The reported frequencies of pathogens involved in septic arthritis have been somewhat variable in the recent literature, however, and our overall distribution varied most notably with regards to the relative rarity of Kingella and the abundance of NTBHI. In 2006, Arnold et al [28] described 36 cases of septic arthritis with reported involvement by S aureus in 33.3% and by S pneumoniae in 5.6%, and neither S pyogenes nor Kingella was isolated. In 2015, Russell et al [27] reported 38 cases, with 21.1% S aureus involvement, 13.2% of disease attributable to S pyogenes, no Kingella involvement, and 5.3% pneumococcal involvement. In 2005, Moumille et al [26] reported 41 cases, with 29.3% involvement with S aureus, 12.2% involvement with S pyogenes, 26.8% associated with Kingella, and 7.3% attributable to S pneumoniae [26] . Arnold et al [28] in 2012 described 81 total cases of septic arthritis, with 53.0% of cases attributable to S aureus, 16.0% attributable to S pyogenes, and 11.1% attributable to S pneumoniae and Kingella [29] . It is notable that only 1 case of NTBHI was reported in any of these series [29] . The increased incidence of NTBHI in our population may be attributable to the large Native American demographic served by our institution (15.8%) and the significant link between Native populations and infection with H influenzae documented in our study and others in the literature [4, 5] . The relative rarity of K kingae isolates in our study may be related to the lack of appropriate microbiologic techniques used to isolate this fastidious organism. Although inoculation of synovial fluid into blood culture bottles has been shown to dramatically improve isolation rates of this pathogen, this practice was not routinely performed by surgical staff during the entire period analyzed [30] . In addition, polymerase chain reaction testing for this pathogen, which has also been shown to improve detection rates in culture-negative patients, was not performed on any of the subjects [31] .
Although limited by our small sample size, the epidemiology and clinical presentation of NTBHI septic arthritis mirrors that of septic arthritis attributable to Hib in many respects. The median age of the patients in our series (1.6 years) is similar to that reported with Hib septic arthritis [20] . Polyarticular involvement was not reported in our series and is rarely described with Hib [20, 21] . For both, an increased risk seems to exist for Native American populations [4, 5] . However, several key differences may exist. Concurrent deep-seated infections were common with septic arthritis attributable to Hib, with reports of 30% to 40% of patients suffering from concurrent meningitis [20, 21] . No cases of meningitis were found in our series, but one case was described in a report found in our review of the literature [14] . However, given the low number of cases in our series and the lack of robust literature on the topic, no conclusions regarding the incidence of meningitis with NTBHI septic arthritis can be reached. Indeed, a variety of invasive diseases have been reported with Hia, including meningitis [25] . A predilection for the knee and hip has been described for Hib, although the ankle was the most common joint involved in our series [21] . Out study has many limitations. The retrospective nature of the data collection predisposes the study to informational biases. Changes in surgical and infectious disease staff over the 11-year period of the study may have affected the management of patients with septic arthritis over time. No organism was isolated from approximately one-third of the subjects in the study, which prevents an accurate assessment of the true frequency of infection with NTBHI.
NTBHI as a group was the third most common identifiable etiology of septic arthritis in our study population, which suggests that these organisms may be an underrecognized cause of septic arthritis, particularly among younger Native Americans. Given the current predominance of septic arthritis attributable to S aureus and the increasing prevalence of methicillin-resistant S aureus in many locales, empiric treatment with vancomycin or clindamycin may be an attractive option for many children with suspected septic arthritis. However, because these agents will not cover H influenzae, thought should be given to the potential role of NTBHI, particularly in younger Native American patients.
Notes

